EREBROSPINAL fluid exerts a necessary buoyant force on the cranial contents, suspending the brain and cranial nerves and protecting them from downward traction. When CSF volume is depleted via the spinal meninges, a condition called ICH results. This condition is most commonly encountered due to iatrogenic causes, such as lumbar puncture. Other times, spontaneous leakage of CSF occurs via the spinal meninges, resulting in a condition called spontaneous ICH.
Associated visual complaints include blurred vision, double vision, and visual field deficits. A review of the literature regarding spontaneous ICH revealed several clinical series in which the authors reported the incidence of ocular manifestations of spontaneous ICH. In a series of 40 patients reported on by Christoforidis et al., 13 12 (30%) presented with diplopia, and 5 (12%) presented with visual deficits other than diplopia. Ferrante et al. 16 reported a series of 18 cases of spontaneous ICH, of which 6 (33%) presented with diplopia. In a literature review, Horton and Fishman 22 reported visual symptoms in 42.5% of patients presenting with spontaneous ICH; diplopia occurred in 30% of 
Ophthalmoplegia Due to Cranial Nerve Dysfunction in ICH
A review of the pertinent literature on ICH revealed 29 studies involving 42 patients with cranial nerve manifestations resulting in ocular deficits secondary to ICH (Table  1) . [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 13, [16] [17] [18] [19] [20] [22] [23] [24] [25] [26] [27] [28] 30, 32, 33, 36, 40, 41 The majority of patients (35 [83%] ) with reported ophthalmoplegia presented with abducens nerve palsies. Unilateral abducens nerve palsies were reported in 25 patients (60%), whereas 10 patients were reported to have bilateral abducens nerve palsies (24%). Oculomotor nerve palsies were reported in 6 patients (14%). Of these 6 patients, palsies occurred bilaterally in 2. Trochlear nerve paresis was reported in 3 patients (7%) and was bilateral in 2. Two patients presented with both oculomotor and trochlear nerve paresis.
Response to Therapy
Of the 30 patients with ophthalmoplegia secondary to spontaneous ICH in whom there were available data, 12 underwent conservative treatment alone. Fifteen patients underwent epidural blood patch administration, with successful outcomes and correction of ophthalmoplegia reported in 14 (93%) of 15 cases. Four patients underwent surgical repair of a CSF leak. Additionally, 2 patients underwent craniotomy for evacuation of subdural fluid collections. In all cases except for 1 (98%), the symptoms and cranial nerve paresis resolved completely. In 1 case report, a patient who was in a coma with bilateral trochlear nerve palsies and a unilateral oculomotor nerve palsy failed to improve following standard management. These conditions were believed to be secondary to brainstem injury. The bilateral strabismus was repaired with extrocular muscle surgery.
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Discussion
Spontaneous ICH was first reported by Schaltenbrand in 1938, who coined the term "aliquorrhea." 37 Over the last 2 decades, this condition has been diagnosed more frequently, especially in patients with underlying systemic connective tissue diseases such as Marfan disease. A precipitating traumatic event, often a relatively minor traumatic injury, can also be associated with the onset of symptoms. Spontaneous ICH can present with a variety of ocular manifestations, including visual acuity and field deficits, nystagmus, and photophobia. Cranial nerve palsies, often resulting in ophthalmoplegia, have been reported to occur with symptomatic spontaneous ICH. The precise pathophysiology of cranial nerve paresis in spontaneous ICH remains to be determined. Depending on the affected cranial nerve, potential causes include traction on cranial nerves due to downward displacement of the cranial contents, cranial nerve compression, or vascular congestion of the nerve. 22, 29, 35 In advanced cases, progressive herniation may result in irreversible injury to the brainstem and cranial nerve nuclei. 10, 34 Various forms of nystagmus can result in severe cases of ICH. Tonsillar herniation may result in downbeat or gaze-evoked nystagmus. Injury to the medulla or vermis may result in upbeat nystagmus. Ocular bobbing may result from injury to the brainstem at the pontine level.
According to our review of the literature, the incidence of ophthalmoplegia secondary to cranial nerve paresis associated with spontaneous ICH is ~ 30-35%. By far, the most common ophthalmoplegia encountered is an abducens nerve paresis, occurring in ~ 80% of reported patients with spontaneous ICH-related ophthalmoplegia. The majority of these patients were noted to have unilateral abducens nerve palsies, whereas more than 1 in 4 cases of abducens nerve paresis was noted bilaterally. The abducens nerve is more likely to be susceptible to traction-related injury secondary to its long intracranial course along the clivus and through the Dorello canal, as well as its attachment to the Gruber ligament. 8, 22 Although less common, both unilateral and bilateral paresis of the third and fourth cranial nerves has also been noted to occur with spontaneous ICH. 10, 15, 16, 28, 33, 40, 41 Once again, in the majority of cases these findings have been reported to reverse completely following resolution of the CSF leak.
Visual acuity and field deficits have been reported and may result from stretching of the optic complex over the pituitary fossa, or perhaps vascular congestion of the optic nerves and tracts. 22, 29, 38 Low-grade ischemic injury to the occipital lobes secondary to pressure on the posterior cerebral arteries has been suggested as another potential mechanism of visual field deficits. 13, 21 Cerebral vasospasm, potentially resulting in cortical ischemic deficits, may be another potential mechanism. 11 Finally, cortical disturbances secondary to the frequent development of subdural hematomas associated with spontaneous ICH may result in visual field obscuration. 39 There has been no definite pattern of visual field deficits associated with spontaneous spontaneous ICH, yet authors of some case reports have suggested a predilection for visual field deficits in the superior nasal quadrants. 22, 31 In accordance with the Monro-Kellie doctrine, engorgement of the cerebral venous system ensues following repletion of CSF observed with spontaneous ICH. Radiographic manifestations of this phenomenon include venous sinus engorgement, pachymeningeal enhancement, subdural effusions, enlargement of the pituitary gland, and reduced diameter of the ophthalmic venous system. 12, 35 In a recent study, Chen et al. 12 assessed the mean diameter of the SOV in patients with spontaneous ICH by using Doppler ultrasonography. In a group of 13 patients with spontaneous ICH, the mean SOV diameter was significantly smaller than in a similar group of controls (0.9 versus 1.85 mm, p Յ 0.001). The authors attributed this finding to the increased pressure gradient established across the SOV extracranial-intracranial anastamosis, resulting in increased blood velocity and flow. 12 The same study also demonstrated partial resolution of this finding following treatment of SIH, which correlated with improved MR imaging findings.
Response to Therapy
Patients with spontaneous ICH will frequently respond favorably to conservative treatment alone. This may include recumbent positioning, intravenous fluids, and intravenous caffeine administration. When conservative management fails, the gold-standard treatment for spontaneous
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Review of ocular manifestations in intracranial hypotension ICH has been autologous epidural blood patch administration. This therapy has been extremely effective, and has been noted to work even if the precise level of spinal dural leakage is unknown. Only 1 patient was noted to have continued symptoms following epidural blood patch administration. At times, repeated epidural blood patch therapy may be required for persistent symptoms. Surgical intervention for primary repair of a CSF leak is rarely required, yet has been described in other series.
14 Recently, a group at our institution reported the benefit of intracranial pressure monitoring as an adjunct to diagnosis and therapy for spontaneous ICH. 41 In the majority of cases, repairing CSF leakage at its source and thus repleting the CSF volume will improve symptoms. According to our review, most cases of spontaneous ICH-related ophthalmoplegia will reverse following standard treatment. In advanced cases, if significant downward brainstem injury or ischemic injury has occurred, irreversible central cranial nerve deficits can be observed that may not be reversible.
Conclusions
Intracranial hypotension can present with a wide variety of visual symptoms and findings. Deficits in visual acuity, visual fields, and ophthalmoplegia have been frequently described. By far, the most commonly encountered cranial nerve deficit is an abducens nerve paresis, which may occur unilaterally or bilaterally. Although less common, oculomotor and trochlear nerve palsies have been reported as well. The optic nerve complex is frequently involved in spontaneous ICH, and may manifest as deficits in visual acuity and field cuts. The pathophysiology for the variety of visual deficits encountered is multifactorial. The majority of symptoms and cranial nerve deficits reviewed respond favorably to standard management, which in the majority of cases requires epidural blood patch administration.
